Objective: To evaluate the effectiveness of unannounced versus announced surveys in detecting non-compliance with accreditation standards in public hospitals. Design: A nationwide cluster-randomized controlled trial. Setting and participants: All public hospitals in Denmark were invited. Twenty-three hospitals (77%) (3 university hospitals, 5 psychiatric hospitals and 15 general hospitals) agreed to participate. Intervention: Twelve hospitals were randomized to receive unannounced surveys (intervention group) and eleven hospitals to receive announced surveys (control group). We hypothesized that the hospitals receiving the unannounced surveys would reveal a higher degree of non-compliance with accreditation standards than the hospitals receiving announced surveys. Nine surveyors trained and employed by the Danish Institute for Quality and Accreditation in Healthcare (IKAS) were randomized into teams and conducted all surveys. Main outcome measure: The outcome was the surveyors' assessment of the hospitals' level of compliance with 113 performance indicators-an abbreviated set of the Danish Healthcare Quality Programme (DDKM) version 2, covering organizational standards, patient pathway standards and patient safety standards. Compliance with performance indicators was analyzed using binomial regression analysis with bootstrapped robust standard errors. Results: In all, 16 202 measurements were acceptable for data analysis. The risk of observing noncompliance with performance indicators for the intervention group compared with the control group was statistically insignificant (risk difference (RD) = −0.6 percentage points [−2.51-1.31], P = 0.54). A converged analysis of the six patient safety critical standards, requiring 100% compliance to gain accreditation status revealed no statistically significant difference (RD = −0.78 percentage points [−4.01-2.44], P = 0.99). Conclusions: Unannounced hospital surveys were not more effective than announced surveys in detecting quality problems in Danish hospitals.
Introduction
Accreditation programs for hospitals are implemented in >70 countries worldwide to support patient safety and high quality performance [1] . A common feature of all programs is an external peer review (or evaluation) process to accurately assess the level of hospital performance in relation to established standards. With a few exceptions, the standard way of planning and conducting this external evaluation is through announced surveys with dates usually set 6-12 months in advance to allow for preparation and improvement [1, 2] .
Announced surveys have, however, been criticized for taking up too much time and resources in preparation for the scheduled visits, and that they may induce hospitals to 'put on a show' to receive certification, instead of focusing on continuous quality improvement [3] [4] [5] . Unannounced (or short notice) surveys have been proposed as an alternative method that differs in at least two important ways. First, the external surveyors on an unannounced visit will observe typical practice, rather than an arranged reality. Thus, unannounced surveys may be more effective in revealing the 'true' day-to-day performance level and in detecting non-compliance with standards that hospitals must improve. Second, the intention behind unannounced surveys is that hospitals remain constantly ready to meet accreditation standards, thus making the model of accreditation an operational management tool for working with standards and performance indicators on a continuous basis, rather than a checklist for the preparation of a scheduled visit.
The only empirical study of the difference in effect between announced and unannounced surveys is a pilot study in two Australian accreditation programs. This study indicated that more organizations would fail to reach the accreditation threshold than in previous survey if the surveys were conducted on short notice [5] . In general, the consequences of surveying methods have only been examined in a limited manner [6] [7] [8] [9] . Studies of trends in hospital performance have for example failed to offer a clear picture of any effect of the Joint Commission's move toward unannounced site visits in 2006 [10, 11] .
In Denmark, all hospitals have been accredited by the Danish Institute for Quality and Accreditation in Healthcare (IKAS) since 2010 [12] . The Danish Healthcare Quality Program (DDKM) for hospitals is a flexible and mandatory system with a strong quality improvement philosophy and a down-toned control element with no formal financial or organizational consequences resulting from a survey, but the details of the accreditation status are published on the Internet. Denmark is probably a special case in hospital accreditation. With >96% of hospital activity under public governance and with free access to performance data, the need for external inspection and evaluation is less than in many other countries with a large private hospital sector. The DDKM was implemented as a national strategy for quality improvement emphasizing the same quality model for all healthcare organizations, i.e. public and private hospitals, general practitioners, nursing homes and pharmacies [12, 13] . Hospital surveys have been conducted every third year as announced surveys with midterm visits halfway through the period [12, 13] . The DDKM meets the requirements of the International Society for Quality in Health Care's (ISQua) international principles for healthcare standards; IKAS is an ISQua-accredited organization [2, [14] [15] [16] (a description of DDKM in English is available at http:// www.ikas.dk/IKAS/English).
Hospital accreditations have been criticized by Danish physicians, who have argued, among other things, that preparation for an external visit takes time away from patients and that the DDKM leads to excessive documentation work [17, 18] . As a response to these criticisms, the IKAS board of directors decided in 2014 to investigate whether or not unannounced surveys should be implemented in the coming version 3 of DDKM, planned for implementation in 2016.
A nationwide cluster-randomized controlled trial (C-RCT) of unannounced versus announced surveys in Danish public hospitals was therefore planned in order to evaluate the effectiveness of unannounced surveys versus announced surveys in detecting non-compliance with accreditation standards in public hospitals. The study was conducted from August 2014 to March 2015 based on the performance indicators listed in an abbreviated set of the national accreditation standards from the DDKM version 2, covering organizational standards, continuity of care standards and patient safety standards. We hypothesized that the hospitals receiving the unannounced surveys would reveal a higher degree of non-compliance with accreditation standards compared with the hospitals receiving announced surveys.
Methods

Study design and setting
This study follows the extension to the CONSORT 2010 statement on cluster-randomized trials [19] . The Central Denmark Region Committees on Health Research Ethics decided that this trial does not constitute clinical research and thus does not require notification to the committee. For a more detailed description of the trial design, this paper refers to the trial protocol [12] .
All Danish public hospitals (n = 30) were invited to participate. Ten hospitals due to receive the periodic IKAS midterm survey were given the opportunity to choose either participation in the trial or receiving the scheduled survey. Private hospitals constitute <4% of the hospital sector and were excluded from the trial. Unannounced hospital survey had not been carried out in Denmark prior to this study.
The intervention group was defined as receiving unannounced surveys and the control group was defined as receiving announced surveys. Nine experienced and trained surveyors were selected to conduct all external surveys in the trial. Each survey was conducted by a team of two surveyors, one nurse and one doctor. A special tracer tool was developed and a two-day seminar with all surveyors and the researchers was conducted prior to the trial to ensure consistent and objective tracer activity at all locations [12, 20] .
Each survey lasted 3 days, with 2 days of tracer activity and a subsequent meeting with the management of the hospital on Day 3 to report the findings. All participating hospitals were given a date for the management meeting. From this information, all hospitals were led to assume that they had been randomly selected for an announced visit and that the external survey would be conducted 2 days prior to the meeting. For the control group, the 2-day tracer activity was conducted 2 days prior to the meeting. For the intervention group, the 2-day tracer activity was executed~3 months earlier.
Randomization
A stratified randomization of hospitals was performed with respect to type of hospital. Block randomization was used to ensure the same number of unannounced and announced hospital surveys within each small stratum. Prior to the randomization each region was required to experience at least one unannounced and one announced hospital survey. The dates for the survey, as well as the surveyor team, were also randomly assigned. The randomization was blinded to IKAS and the surveyors until a few days before trial start. All randomization was performed in Microsoft Excel 2007 using the RAND() function.
Outcome
The outcome measure was the level of compliance with 113 performance indicators from the abbreviated set of the national accreditation standards from DDKM version 2. The level of compliance was assessed through the tracer activities performed by the external surveyors and measured on a 4-point scale as 'consistent implementation', 'consistent implementation with a few deviations', 'weak implementation' or 'failure of implementation'. For a minority of the performance indicators, the level of compliance was assessed dichotomously as either 'consistent implementation' or 'failure of implementation'. All 113 performance indicators were employed for each hospital department chosen for inspection by the surveyors.
Statistical analysis
Based on previous surveys, we expected~700 measurements per hospital, with 5% showing inconsistent implementation of the performance indicators for the control group and 10% for the intervention group. Assuming an intra-correlation coefficient of 0.01 and a significance level of 0.05, the study had a power of 98% to detect a minimum of 5% difference in effect. A pooled bivariate analysis of all indicators was performed to evaluate the effect difference between the trial groups. All 113 performance indicators were included as fixed effects in this analysis. In addition, bivariate analysis was performed for eight selected patient safety standards, each of which has the potential to change an organization's accreditation status if these standards are not evaluated as 'consistently implemented'. Both the bivariate and the pooled analyses were performed using binomial regression analysis. Bootstrapping was conducted to achieve a robust standard error through resampling with replacement of the 23 clusters, repeated 100 times. This resampling procedure was made to ensure no exaggeration of variation within a hospital due to clustering. The dichotomous outcome of the binomial regression analyses was defined as 'one' if assessment of a performance indicator was coded 'consistent implementation'; otherwise, the outcome was coded as 'zero'. The decision to dichotomize the 4-point scale was necessitated by methodological constraints (low number of observations in the nonconsistent category cells). Risk difference reported as percentage points was chosen as association measure in the binomial regression analyses with a twosided significance level of 0.05. All analyses were performed in STATA 13 (StataCorp LP, 2013, College Station, TX, USA).
Results
The study recruited 23 (77%) Danish public hospitals for participation, including general hospitals (n = 15), university hospitals (n = 3) and psychiatric hospitals (n = 5). Seven hospitals declined participation (see Fig. 1 ).
This C-RCT provided 16 202 performance measurements for data analysis, with a mean of 704 measurements per hospital. The intervention group obtained 8519 performance ratings, whereas the control group obtained 7683 performance ratings (see Table 1 ). An intra-cluster correlation coefficient was calculated as 0.11.
The intervention group produced 7728 observations of 'consistent implementation' on the 4-point scale and the control group produced 6997. The variation is due to the unequal number of clusters in the two trial groups. Compared with the total number of observations within each group, the number of consistently implemented standards was larger for the control group (96.36%) than for the intervention group (95.93%).
As can be seen in Table 2 , the intervention group revealed fewer consistently implemented standards (97.41%) than did the control group (98.34%) with regard to the dichotomously measured performance indicators.
A pooled analysis of the effect of the unannounced surveys showed an absolute difference of −0.6 percentage points in consistent implementation between the intervention group and the control group (see Table 3 ). This result indicates that the intervention group had 0.6 percentage points fewer consistently implemented standards than did the control group, but the result was not statistically significant (P = 0.54). The robust standard error was calculated based on the 78 out of 100 binomial regression analyses that were able to converge.
Eight patient safety critical standards from the DDKM version 2 have the potential to change an accreditation status from 'accredited' to 'accredited with remarks', 'conditional accreditation' or 'not accredited' if assessed as other than 'consistent implementation'. Table 4 demonstrates six patient safety critical standards. Two standards, 'Treatment of cardiac arrest' and 'Observation and follow-up on critical observation results', are removed from the table. These standards were assessed as 100% consistently implemented in all included hospitals and were thereby statistically unable to converge in the binomial regression analysis. Sub-group analyses of the remaining six patient safety critical standards showed no statistically significant difference between the intervention and control groups (see Table 4 ). The robust standard error was calculated based on the bootstrapped samples for which the binomial regression analysis converged.
Discussion
This study is the first nationwide and cluster-randomized controlled trial of unannounced versus announced hospital surveys powered to detect a significant difference in effect. Using binomial regression analysis in the pooled analysis of all performance indicators, we found no evidence of an increased effectiveness of unannounced surveys in finding a higher level of non-compliance with the accreditation standard. Secondary bivariate analysis of the findings on each of the eight patient safety standards also failed to find evidence of a difference in effectiveness. Our study has a high level of internal validity. A particular strength is the randomization of hospitals, survey dates and survey teams, as well as the allocation concealment until a few days before the survey. Cluster randomization was an appropriate design, as findings on wards from the same hospital are correlated.
Limitations
Several factors could have influenced the results. First, a potential risk of selection bias was present, as the hospitals were included in the study based on voluntary participation. One hospital from the Zealand Region and six hospitals from the Capital Region of Denmark declined participation. However, we find no reason to expect different quality levels in these hospitals, and their decline is more likely to reflect the fact that their next organization-wide accreditation survey was scheduled immediately after the trial period.
Second, it was agreed that the trial results would not be made available to the public or have any influence on accreditation status and certification. Hospital managers in the control group thus had no formal incentive to prepare for the external evaluation. Considering the current criticism of the DDKM as a large administrative burden, the hospital managers may have chosen to 'do nothing' and act as if the hospital was assigned to the group of unannounced surveys, even though this was not the case. However, the political interest in results from accreditation surveys has been very high since the introduction of the DDKM in 2010; the implementation of such passive strategies would probably be feasible only through agreement between all hospitals in a region. Rumors aside, we have not been able to verify the existence of such a strategy in any of the five Danish regions.
Third, the unequal assessment of performance indicators by the nine surveyors could involve a risk of bias, with the argument that their Invited hospitals (n = 30)
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University hospitals (n = 1) General hospitals (n = 8) Psychiatric hospitals (n = 3) Figure 1 Participant flow diagram representing the number of clusters that were randomly assigned to either the control group (announced surveys) or intervention group (unannounced surveys). assessment is inevitably rather subjective, even though a tracer tool developed specifically for this study was applied to standardize the surveys. Before the study start, the surveyors had different expectations for the trial results, with some expecting to see a difference between the control and intervention groups, and others believing the contrary. However, the surveyors were randomized into different teams to reduce the risk of bias from any prejudiced approach to conducting the survey. Finally, the time constraint for the external survey could have resulted in different opportunities to collect measurements of performance ratings in the two groups if unannounced visits were associated with more practical problems and barriers. However, the special tracer tool and the training program for the surveyors were used to ensure that the tracer activity was performed in exactly the same way in each hospital. The surveyors did not report any problems with regard to a lack of time or availability of relevant data or personnel during the survey.
Block randomization
These limitations nevertheless clarify the complexity and challenges of applying traditional clinical research methods in evaluating complex interventions. It has been discussed elsewhere whether or not complex interventions are suitable for RCT designs [7, 21, 22] .
Generalizability
Denmark has a long history of governmental initiatives to ensure quality and safety in healthcare, and a unique unified accreditation system, with impressive quality monitoring [23, 24] . Denmark is ahead of most OECD countries in efforts to monitor and benchmark healthcare quality and it is unsurprising that hospitals in both groups performed well [23] . This study does not clarify what contextual factors are essential for the generalization of the findings. Some aspects that seem important are the relatively immature national system of accreditation, the relatively low accreditation threshold, and the voluntary participation in a test setting where the results from the external surveys do not impact accreditation status or certification.
Lessons learnt
This trial provided no indication that unannounced surveys were more inconvenient than announced surveys. The surveyors reported positive feedback from hospital managers and staff in the intervention group, indicating a positive attitude among hospital employees toward the implementation of unannounced surveys.
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